The diarrhoea of famine and severe malnutrition -is glucagon the major culprit?
Intractable diarrhoea is usually the terminal condition of victims of famine and severe malnutrition. Despite many studies on the effects of starvation and malnutrition on the absorptive functions of the small intestine in animals,'"4 and a few in man,5'7 no satisfactory explanation exists for this diarrhoea. While Starvation in the rat reduces the mitotic activity in the duodenal/jejunal crypts, they decrease in size and the supply of new enterocytes onto the villus is slowed.3 As old enterocytes are still sloughed off at the villi tip exfoliation zones, villus height, and cell population decrease. At first it is tempting to explain the increased secretion of the starved small intestine as being the result of this decreased cell turnover and villus size on the basis of the simplistic model that villi absorb and crypts secrete. Ifthe decreased enterocyte population on the villi had a reduced absorption while the crypts secreted even normally, then the imbalance could cause an apparent hypersecretion. We have previously discussed this as being unlikely for a number of reasons.'4 Firstly, in the starved state the enterocytes are on the villus longer and this ageing seems to increase their absorptive functions3 14; secondly, the crypt cell population also decreases yet secretion increases; thirdly, the enterocytes on the villus are now known to be able to secrete Cl-electrogenically24; and finally, there is controversy as to whether human villi do decrease in size in conditions known to reduce luminal nutrition.25 Thus explanations other than the changed balance between crypt and villous enterocytes must be sought.
The pd across the luminal membranes of the starved enterocytes in both the jejunum and the ileum becomes hyperpolarised after only 24 hours offasting and is maintained for at least 72 hours of starvation.26 This membrane hyperpolarisation creates an increased driving force on the intracellular Cl-ions when the Cl-channels of the luminal membrane are opened by neurotransmitters or secretagogues. Thus the hyperpolarisation of the starved enterocyte's luminal membrane can account for the hypersecretory activity shown by the small intestine in the food deprived state. However, as described previously, the loss of Cl-via the channels will decrease the transluminal membrane pd and reduce secretion so the K+ channels of the enterocyte have also to be included in the mechanism to maintain the luminal membrane pd by their activation and subsequent electrical coupling with this membrane. The increased transluminal membrane pd in the starved enterocytes also affects the charged Na+-glucose or amino acid linked cotransporter of the luminal membrane creating an enhanced electrogenic nutrient transfer.3 27 One intriguing point that needs comment is that measurements ofthe enterocyte's transluminal membrane pd after 24 hours of fasting show an obvious increase26 but assessments of their fluid and electrogenic secretion only become significant after hours of starvation.'4"' A possible explanation for this apparent inconsistency may simply be the different sensitivities of the two techniques. As microelectrode pd measurements are on individual enterocytes, it is possible to assess changes in a small population at or near the top of the villus. The fluid and electrogenic secretory responses are, however, macro measurements needing a large number of enterocytes to be affected before significant differences can be distinguished. It is thus possible that the first changes after 24 hours of starvation are expressed in the most mature cells on the upper part of the villus. The enterocytes lower down the villus follow, but some 24-48 hours later.
The hyperpolarisation of the luminal membrane is caused by a reduction in its passive Na+ permeability as the membrane pd in starved enterocytes did not show the linearlog relation with changes in Na+ concentration observed in fed enterocytes.26 The changes seemed specific for Na+, as the K+ permeability of the membrane in fed and starved intestine was identical. Murer, Hopfer, and Kinne,28 working with brush border membrane vesicles from fed rat enterocytes, showed that cyclic AMP reduces the passive permeability of the luminal membrane to Na+. Presumably, the increased concentrations of cyclic AMP in the starved enterocytes2' will also influence membrane Na+ permeability creating the hyperpolarisation of the luminal membrane.
We can dissect the mechanism of the hypersecretion even further. In starvation, the plasma glucagon in both rat29 and man30 is increased; in man it plateaus at a new, higher than fed, value. 30 The raised glucagon stimulates the intestinal uptake of amino acids and glucose as antiglucagon, when injected in starved rats, prevents the enhancement.29 Even in fed rats, repeated glucagon injections for three days increase the ileal absorption of glucose.3' The hyperglucagonaemia increases the transluminal membrane pd of jejunal enterocytes32 in fed rats (from a mean value of -48 mV to -54 mV) and stimulates the uptake of Na+-dependent glucose and amino acids. It 12 Preliminary studies in rats have shown that the simple drinking of glucose during the three day starvation, while greatly ameliorating the hypersecretion in the duodenum, jejunum, and ileum, leaves the colon's hypersecretory activity unaffected.4243 The rat model also offers the possibility of investigating dietary regimens that will not only ameliorate both small and large intestinal hypersecretory activity of starvation but will also act as stimulants for their absorptive functions.-"
